Clustering has been a widely applied approach to improve the computation efficiency of collaborative filtering based recommendation systems. Many techniques have been suggested to discover the item-to-item, user-touser, and item-to-user 
Introduction
Hybrid recommenders combine the features of collaborative filtering and content based recommenders are very popular nowadays [1] [2] [3] . There are two major benefits about hybrid recommenders. Firstly, their recommendations are usually lesser content-centric than standard content based recommenders. Secondly, they are lesser prone to the data-sparsity problem than collaborative filtering based recommenders. Because the recommendations generated by hybrid recommenders (or collaborative-filtering based recommenders) are not based on the item content similarity, they are generally considered more novel than recommendations generated by standard content based recommenders. However, this additional aid to the novelty aspect of the recommendations is not considered very effective [2, 3] .
In this paper, we proposed a taxonomy-based recommender to improve the novelty and quality of recommendations. Instead of the simple content similarity measurement used by most hybrid recommenders, our system uses association rule mining techniques to mine the taxonomy interest associations between different users, and the recommendations with high novelty and quality are generated based on the discovered user taxonomy interests. 
. In order to differentiate between super topics and sub-topic as well as impose the tree structure from the topic set, we define
. With the mapping E we can recursively extract the taxonomy tree structure from the set C . Moreover, as in standard tree structures, the taxonomy tree has exactly one top-most element with zero indegree covering the most general topic, it is denoted by Γ in this paper. By contrast, for these bottommost elements with zero outdegree, they are denoted by set ⊥ and cover the most specific topic concepts. 
User cluster taxonomy profile
In order to improve the efficiency of the system, we 
Hot Topics
For each cluster UC uc ∈ , we build a local cluster based taxonomy tree similar to the global taxonomy tree defined in previous section. Let
be the topic set for cluster uc and
. We use the following equation to measure the distinctness of a topic in a local cluster with the global user set:
The higher the topic score, the higher the possibility that the topic is interested by the users in this cluster. We call the topics which have high scores hot topics as defined below:
where ς is a user defined threshold.
Items related to hot topics should be preferably recommended to the users in this cluster.
Topic Associations
For the topic taxonomy dataset, each transaction is a set of topics related to the items rated by a user. By applying data mining techniques to the topic taxonomy dataset, we can derive association rules among topics which describe how topics associate with each other within a cluster. By applying the association rules, we could be able to recommend items which are not rated by previous users based on user ratings but might be interested by the target user based on the topic taxonomy associations. For each user cluster uc , ) (uc rules is the set of association rules derived from the topic transactions related to the users in uc . ) (uc rules is defined below: Based on the association rules ) (uc rules discovered from uc , we can then obtain a set of novel topics for a given user u . We firstly obtain the topic set from the user's past ratings The higher the computed weight indicates the higher the possibility that the user might be interested in the topic. Finally, we collect all these potential topics from the matched rules, and compute their weights. Formula ) ( _ u topics novel is used to denote the algorithm described above, where u is a given target user. 
Taxonomy-based recommender
.
Item-based Collaborative Filtering (CF)
The basic idea of item-based CF is to predict item t to user u based on the item similarity between t and the items that have been rated by u [9] . The similarity between two items is computed based on user explicit ratings as defined below: , U ij is the set of users who have rated both t i and t j . U ij is defined as below:
Note, it is possible that two items are never rated by more than one user, i.e., As mentioned above, the prediction of t to user u is based on the similarities between t and the items ) ( exp u RT x l ∈ rated by the user u, where x t ≠ . In order to achieve it, we need to find the target user's rated items which are computable with the target item t. That is,
The prediction of t to u is computed as follows: 
Topic Preference
As discussed in Section 3, users in the same cluster have similar topic interests and most likely prefer items that relate to the hot topics of this cluster. Under this assumption, in this paper we propose to take topic preferences into consideration in predicting items to a given user. The prediction is computed not only based on item similarities (i.e. equation (5)) but also based on the given user's topic preference which will be discussed below.
Let In the computation of α , it can be seenϖ reflects the quality confidence of η will receive higher weight in the final score (i.e. t u rank , ). Variableϑ , on another hand, is used to adjust the weights of ϖ in α , thus, if ϑ is large (e.g. 0.9) t u, η will still receive high weight even ϖ is small.
The proposed algorithm can also be used to solve the cold start and data sparsity problems [4, 5] . For datasets with very few explicit ratings, the proposed algorithm can still use the item taxonomy information and the users' implicit ratings to make quality recommendations.
Conclusion
A taxonomy-based recommender is proposed in this paper aim for solving the recommendation novelty problem. The proposed recommender utilizes techniques from association rule mining to find how different topics are associated with each other in a given user cluster. Based on the discovered topic associations, the recommender suggests items with topics that are strongly linked to the taxonomy profile of the target user. Besides considering only the topic similarities as suggested by many other systems, the proposed system improves recommendation novelties by recommending items with novel topics strongly associated to the target user profiles.
